To determine the effectiveness of white-tailed deer as sentinel animals in serologic surveillance programs for Borrelia burgdorferi, we performed enzyme-linked immunosorbent assay (ELISA) and Western immunoblotting analyses on 467 deer serum samples. The seropositivity rate in the ELISA was 5% for the 150 samples collected at the three sites in which the tick Ixodes scapularis was absent. The three sites with established I. scapularis populations had a seropositivity rate of 80%o for 317 samples. Results were similar for two closely situated sites, one with an established I. scapularis population and one without; these sites were only 15 km apart. Rates of seropositivity were significantly higher in yearling and adult deer than in fawns. The mean numbers of bands seen on Western immunoblots were 3.0 for samples negative in the ELISA and 13.8 for samples positive in the ELISA; all of these samples were collected from sites in which I. scapularis was established. At sites in which I. scapularis was absent, the mean numbers of bands seen were 1.6 for samples negative in the ELISA and 8.2 for samples positive in the ELISA. There were 14 different B. burgdorferi antigens that reacted with more than 50%Yv of the ELISA-positive samples from areas with L scapularis. A 19.5-kDa antigen reacted with 94% of the ELISA-positive samples. Reactivity against OspA and OspB was weak and infrequent (2%). Serologic analysis of white-tailed deer sera appears to be an accurate and sensitive surveillance method for determining whether B. burgdorferi is present in specific geographic locations.
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Lyme borreliosis is the leading arthropod-transmitted bacterial disease in the United States (5) . Its etiologic agent is the spirochete Borrelia burgdorfen (3, 17, 20) , which is transmitted by ticks of the genus Ixodes. In the Lyme disease-endemic areas of the north central and northeastern United States, the vector is Ixodes scapularis (formerly L dammini) (35) . L pacificus is the vector in the western states (1) . The hallmark of the disease is an expanding erythematous skin lesion, erythema migrans. Other acute abnormalities may develop in one or more major organ systems. A chronic infection that can persist for many years may develop (41) .
A determination of whether the bacterium is endemic in specific geographic areas would provide key information on possible Lyme disease risk. In Minnesota and other parts of the United States, these disease-endemic areas are expanding. At present, human case data, tick identification, and animal studies provide the information for risk assessment in a given area. Most of these methods have certain disadvantages. Human case data may be unreliable because of the ease with which humans travel over large areas, making it difficult to establish with certainty the precise geographic area in which exposure occurred. Current surveillance methods for tick studies, in which ticks are captured, identified, and assessed for spirochete presence, or animal studies, in which small mammals, such as mice, voles, and chipmunks, are live trapped and assessed either by serologic or by culture techniques for B. burgdorfen, are very labor-intensive. * Corresponding author.
In a previous article (13) , we proposed that white-tailed deer (Odocoileus virginianus) be used as sentinel animals in serologic surveillance programs. In this study, we confirm the validity of this proposal and demonstrate the qualities of white-tailed deer as sentinel animals. We analyzed by enzyme-linked immunosorbent assay (ELISA) and Western immunoblotting deer serum samples from sites in Minnesota in which I. scapularis is absent and in which it has established populations. These samples were collected by hunters during the regular-firearms deer-hunting season.
MATERIALS AND METHODS
Study sites and sampling. Serum samples from white-tailed deer (n = 467) were collected during November and December 1992 at six different sites in Minnesota from both male and female deer varying in age from fawn to adult (Fig. 1 deer were determined by trained personnel of the Minnesota Department of Natural Resources according to dental patterns and tooth wear (39) .
Control serum specimens. Four groups of pen-raised, tickfree deer were used to provide negative and positive control serum specimens as previously described (13 (Fig. 1) ; three were in areas that lack established populations of I. scapularis, and three were in areas with established I. scapularis populations (4, 12, 13, 33) . Analysis of these samples in the ELISA revealed that only 8 of the 150 serum samples from the three sites in which L scapularis is absent were positive for anti-B. burgdorferi antibodies, yielding a 5% seropositivity rate. The seropositivity rates for the individual sites ranged from 3 to 7% (Table 1 ). The differences among the rates for the three sites were not significant (P < 0.50). ELISA results for the 317 serum samples from the three sites with established I. scapulanis populations showed that 254 samples were positive, yielding a seropositivity rate of 80%. Seropositivity rates of 71 to 82% were seen for these three sites (Table 1 ). There were no significant differences among these rates (P < 0.10).
At the two state park sites, Wild River and Saint Croix, which have established populations of . scapularis (Fig. 1) , data on the age and sex of the deer were obtained for 269 samples (119 from male deer and 150 from female deer). The seropositivity rate for male deer of all ages was 84%, and that for female deer of all ages was 79%. Seropositivity rates for male and female fawns were 67 and 43%, respectively ( Table 2 ). The seropositivity rate for male fawns was significantly different from the rates for male yearlings and adults (P < 0.005). Also, a significant difference existed between the seropositivity rate for female fawns and the rates for female yearlings and adults (P < 0.001).
A Western immunoblot analysis was performed on totals of 48 and 317 samples from sites in which L scapulars was not established and sites in which I. scapulars was established, respectively. These samples included 106 serum specimens that were found negative for anti-B. burgdorfen (13) . In the present study, half of our collection sites were located in areas in which populations of L scapularis were established, and the other half were located in areas in which populations of L scapularis were absent (4, 12, 13, 33) (Fig. 1) . The absence of L scapularis in Hennepin County was determined previously by extensive small mammal sampling and drag cloth sampling over the entire seven-county metropolitan area (Fig.  1B) : 18,714 ticks from 9,217 small mammals and 2,769 drag cloth samples were identified to the species level (13, 33 However, nonmigratory travel by deer over much greater distances has been reported (38) .
Adult and yearling deer of both sexes had higher seropositivity rates than fawns from the same area, indicating that fawns should be excluded from serologic surveillance data (Table 2 ). Yearling and older deer probably have higher rates than fawns because they have been bitten more times by infected ticks during their lifetimes. It has been demonstrated that yearling and adult deer have higher tick prevalence rates and higher tick burdens than fawns (12, 29) . As the primary host for I. scapularis, deer, especially yearlings and adults, may experience hundreds, if not thousands, of bites per year from L scapulanis.
There was an excellent positive correlation between the ELISA and the Western immunoblotting results ( Table 3 (ii) Serologic surveillance of deer is a more sensitive or efficient method of detecting the presence of B. burgdorferi in a geographic area than are methods involving tick collection by capturing small mammals or by drag cloth sampling.
(iii) Dispersal by birds (27, 42) of B. burgdorferi-infected larval or nymphal L scapularis into these sites occurred; in such a scenario, ticks would detach from the birds, molt into nymphs or adults, and then feed on local deer, an activity during which transmission of the spirochetes might occur.
Overall, a large number of different antigens (n = 58) were reactive in the Western immunoblot analysis of 365 samples. To establish with certainty the identities of reactive bands, five strips stained for protein with India ink and five strips probed with rabbit anti-B. burgdorferi serum were evenly distributed in each set of Western blot strips from every polyacrylamide gel. This technique is illustrated in Fig. 2 , in which the results for Western blot strips from small sections of different polyacrylamide gels are shown, accompanied by their flanking India ink and rabbit control serum strips. With this method, the molecular masses of the antigens could be accurately identified for each set of strips tested.
We observed that 14 antigens were reactive with more than 50% of the ELISA-positive samples from sites with established populations of I. scapularis (Table 4 ). The recognition of many of these antigens has been reported for humans (2, 8, 11, 14, 16, 22, 32) , rhesus monkeys (36), dogs (15) , and hamsters (37) . The this study have molecular masses of 57, 38.5, 35, 24.5, 19.5, and 18.5 kDa. In a previous serologic survey of white-tailed deer sera (13), we reported similar reactive antigens. Although the 14 antigens listed in Table 4 were reactive with more than 50% of the ELISA-positive samples, 3 antigens, of 43, 41, and 19.5 kDa, were reactive with 280% of the samples. The 43-kDa antigen was recently reported to elicit an early and strong antibody response in golden Syrian hamsters by needle inoculation or tick bite (37) . The antibody response to the 19.5-kDa antigen was very strong in white-tailed deer. In this study, 94% of the ELISA-positive samples reacted with this antigen. The 19.5-kDa antigen is not the 23-kDa OspC protein (30) , since it was nonreactive with the anti-OspC monoclonal antibody L22 IF8, supplied by B. Wilske of the University of Munich, Munich, Germany (data not shown). The 19.5-kDa antigen may, however, be identical to the 18.8-kDa antigen reported to be recognized by rhesus monkeys (36) . In the current study, 48% of the ELISA-positive samples were reactive with OspC, on the basis of the identification of this antigen by monoclonal antibody L22 IF8 (data not shown).
Of the 365 samples tested by Western immunoblotting, only 7 (2%) were weakly reactive with OspA, and 9 (2%) were weakly reactive with OspB. Only one of these samples (<1%) was reactive with both OspA and OspB. This low frequency of reactivity with OspA and OspB is similar to what has been reported previously for humans (2, 8, 11, 14, (6) . Live trapping, a common method for sampling mice and other small mammals, is very labor-intensive. The primary advantages seen for using white-tailed deer are (i) the ease of obtaining samples because of excellent hunter cooperation, (ii) the sedentary nature of deer, (iii) the vigorous immune response against B. burgdorfien in deer, and (iv) the cost-effectiveness of this method. These reasons may encourage greater reliance on white-tailed deer in assessing the risk of contracting Lyme disease in specific geographic regions.
